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{000.1] SILICONE COMPOSITION AND THERMALLY CONDUCTIVE CU RED

SILICONE PR0B0CT

Having the inventors:

David X). Hirscbi and Michael A. Lutz

5 Bow Corning Corporation

Midland, Michigan 48686-0994

FIELD OF THE INVENTION

|0002] The present invention relates to a silicone composition and more particularly to an

1 0 addition-curable silicone composition containing an alumina filler and a. polyether, The

present invention also relates to a thermally conductive cured silicone product formed from

the silicone composition.

BACKGROUND OF THE INVENTION

1 5 [0003] Silicones are useful in a variety ofapplications by virtue of their unique

combination of properties, including high thermal, stability, good moisture resistance,

excellent flexibility, high ionic purity, low alpha particle emissions, and good adhesion to

various substrates. For example, silicones are widely used in the automotive, electronic,

construction, appliance, and aerospace industries.

20 |0GO4] Addition-curable silicone compositions comprising an alkenyl-containing

organopolysiloxane, an organohydrogenpolysiloxane, an alumina filler, and a hydrosilylation

catalyst are known in the art. Illustrative of such compositions are U.S. Patent No. 4,444.944

to Matsushita; U.S. Patent No. 5,008, 307 to fciomata; U.S. Patent No. 6,025,435 to

Yamakawa et ah; U.S. Patent No. 6,169,142 to Nakano et ah; and EP 49641 9 to Fujiki et al.

25 [6005] However, conventional, silicone compositions containing an alumina filler exhibit

little or no thixotropy, rendering them unsuitable for some applications, such as fabrication of

certain electronic packages that require formation of silicone deposits on well- defined regions

of a substrate. Under the shear conditions typically encountered during application, viscous

silicone PSA compositions exhibit a pronounced tendency to adhere to the surface ofthe

30 dispenser or coating device, forming a continuous string ofadhesive between the device and

the deposit. This condition can result in contamination of the substrate. Also, viscous

silicone compositions typically have lower dispense rates relative to compositions having

moderate or low viscosities. On the other hand, low viscosity silicone compositions have a

1
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significant increase in viscosity and attendant decrease in dispense rate.

[80O7| Consequently, there is a need for a tMxotropic addition-curable silicone composition

that cures to form a thermally conductive silicone product

SUMMARY 03? THE INVENTION

[0008] The present inventors have discovered that an > ? i

1 alumina filler and a poiyether has unexpectedly high tMxotropy. Specif

the present invention is directed to a silicone composition for preparing a cured silicone

product the composition comprising:

(A)M organopolysiloxane containing an average ofat least two silicon-bonded alkeny!

groups per molecule*

(B) an organohydrogenpolysiloxane containing an average of at least two silicon-bonded

hydrogen atoms per molecule in a conce t eient to cure the composition;

(C) an alumina filler in a concentration sufficient to impart thermal conductivity to the

cured silicone product;

(D) an effective amount of a poiyether; and

(E) a catalytic amount of a hydrosilylation catalyst

[00091 The present invention is also directed to a cured silicone product comprising a

reaction product ofthe above-described composition.

[8010] The present invention is further directed to a multi-part sili . me composition for

preparing a cured silicone product the composition comprising component (A) through (E) in

two or more parts, provided components (A), (B), and (E) are not present in the same part

[0811] The silicone compos < t i

in< I idins ad r * >p> , lowYOC (volatile organic compound) content, and

adjustable cure. Moreover, the silicone composition cures to form a silicone product having

good f ondu v'x

2
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(0012} The silicone composition of the Instant invention is particularly useful for filling the

gap between a heat sink and an electronic device or for attaching a heat sink to an electronic

device. Ths silicone composition can also be used for encapsulating the wire windings in

power transformers and converters*

5 {0013} These and other features, aspects, and advantages ofthe present invention will

become better understood wit! ec claims.

BETAHjED description of the invention

[0014] The silicone composition ofthe present invention is "thixotropic" or has

,10
<s
thixotropy", meaning that, the composition exhibits a reduction hi viscosity when a she m 1

1

action is applied and an increase in viscosity upon subsequent rest.

[0015] As used herein, the term "thixotropy index" is defined as the ratio of the viscosity of

the silicone composition at a shear rate of 0.01 rad/s to the viscosity ofthe composition at a

shear rate of 0.1 radV's, wherein each viscosity is measured at 23 ± 2 °C.

1 5 [001 6] The present invention is directed to a silicone composition for preparing a cured

silicone product, the composition comprising:

(A) an organopolysiloxane containing an average of at least two silicon-bonded alkenyl

groups per molecule;

(B) an organohydrogenpolysiloxane containing an average of at least two silicon-bonded

20 hydrogen atoms per molecule in a concentration sufficient to cure the composition;

(C) an alumina filler in a concentration sufficient to impart thermal conductivity to the

cured silicone product;

(D) an effective amount of a polyether; and

(E) a catalytic amount of a hydrosilylation catalyst

25 [0017] Component (A), also referred to herein as the "polymer," is at least one

organopolysiloxane containing an average of at least two sihcc n- 1 >n< ' e II enyl groups per

molecule. The organopolysiloxane can have a linear, branched* or resinous structure. The

organopolysiloxane can be a homopolymer or a copolymer. The alkenyl groups typically

have from 2 to abon Of bon atoms and are & i ^ i lied to, \m)l, allyl,

30 butern i
" enyl g sin pc \ - lay be located at

m tdai oi both tenni re d <
4

organic groups in the organopolysiloxane are independently selected from monovalent

hydrocarbon and monovalent halogenated hydrocarbon groups free of aliphatic unsaturation.
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These monovalent groups typically have from 1 to about 20 carbon atoms, preferably have

from 1 to 10 carbon atoms, and are exemplfiedbys but not limited to alkyl such as methyl,

ethyl, propyl, pentyl, octyL undecyl, and ociadecyl; cycloalkyl such as cyleohexyl; aryl such

as phenyl, tolyl, xylyl benzyl, and 2~phenyiethyl; and halogenated hydrocarbon groups such

as 3,3,34riiluoropropyl, 3-chloroprepyl
5 and dichlorophenyl. Preferably, at least 50 percent,

and more preferably at least 80%, ofthe organic groups &ee of aliphatic uosaturation In the

organopolysiloxane are methyl.

[001S] The viscosity of the organopolysiloxane at 25 °C, which varies \vitfa molecular

weight and structure, is typically from 0.005 to 100 Pa-s, preferably from 0.05 to 50 Pa-s, and

more preferably from 0.05 to 5 Pa-s.-

10019J A preferred organopolysiloxane according to the present invention is a

polydiorganosiloxane having the formula R^^SiW^SiOfeSiR^R2 wherek each Rl is

independently selected from monovalent hydrocarbon and monovalent halogenated

hydrocarbon groups free of aliphatic unsaturating as defined above; R2 is alkenyl, as defined

above; and subscript a has a value such that the viscosity of the polydiorganosiloxane at25

°C is from 0.005 to 100 Pa-s. Preferably, R* is methyl and R2 is vinyl.

100201 Examples oforganopolysiloxanes useful in the silicone composition include, but are

not limited to, polydiorganosiloxanes having the following formulae:

YiMe2SiO(Me2SiO)aSiMe2Vi, ViMe2SiO(Me2SiO)o.25a(MePhSiO)0J5aSiMe2Yi,
'

¥iMeSSiO(Me2SiO)o.95a(^2SiO)o.05aSiMe2Vi,

VMe2SiC}(Me2SiO)o.98a(MeViSiO)o.02aSiMe2Vi,

Me3SiO(Me2SiO)o.95a(MeViSiO)o.05aSiMe3, and PhMeViSiO(Me2SiO)aSiPhMeVi,

where Me, Vi, and Pli denote methyl, vinyl, and phenyl respectively and subscript a is as

defined above.

[0021] Methods of preparing polydiorganosiloxanes suitable for use in the silicone

composition, such as hydrolysis and condensation ofthe corresponding organohalosilanes or

equilibration of cyclic polydiorganosiloxanes, are well known
'm the art.

[9822] () g t iloxanes useful in the sili< osit on a Include an

organopolysiloxane resin consisting essentially ofR33SiO] /2 units (M units) and SiO^

units (Q units), wherein each R3
is mdepeiKfently selected from monovalent hydrocarbon and

monovalent halogenated hydrocarbon groups and the mole ratio of ? 3
3 SiO ; 2 unit^ to
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S1O4/2 units In the resin is from 0.6 to 1 .9. The monovalent groups represented by K3

typically have .from. 1 to about 20 ea bo 1 it ms 1 e fix m to 1! Lit 1«

carbon atoms. Examples ofmem - tie 1 t )ups include, but are not limited t >. alkyl such as

methyl, ethyl propyl peaty!, octyl undeeyl, and octadecyl; eycloalky! such as cylcohexyl;

5 alkenyl such as vinyl, ally}, butenyi aid hexenyl* aryl such as phenyl, tolyl, xylyh benzyl,

and 2-plienylethyl; and haiogenated hydrocarbon groups such as 3,3.3-trifiuoropropyl, 3-

chloropropyl, and dicHorophenyl. Preferably, at least one-third, and more preferably,

substantial!} di \. sups in the organoj 0 re methyl.

|0O23J Preferably, the organopolysiioxane resin contains an average offrom about 3 to 30

10 mole pen 1 < I groups. The mole percent ofalkenyl groups in the resin is defined

here as the ratio ofthe number ofmoles of alkenyl-containing siloxane units in the resin to

the total number ofmoles ofsiloxane anils in the resin, multiplied by 100.

[0024] A specific example ofan organopolysiioxane resin is anMQ resin consisting

' essentially of CH2a5CH(CH3)2SiOx/2 units, (GH3)3SiOj/2 units, and 8104/2 wnts, wherein

15 the mole ratio ofCH2~CH(CB3)2SiOi/2 wate and (CH3>3SiOi/2 units combined to SiO^;.

units is about 0.7.

[0025j The orgaaopoly < - n can be prepared bymethods well-known in the art.

Preferably, the resin is prepared by treating a resin.-copolymer produced by the silica hydrosol

capping process of Daudt et al. with at least an alkenyl-contahiing endblpeking reagent The

Lsdtetal, is disclosed In U.S Pat IS 2,676, 82,' h - t uporated

by reference to teach how to make organopolysiioxane resins suitable for use in the silicone

composition.

[0026| Briefly stated, the method ofDaudt et al involves reacting a silica hydrosol under

acidic conditions with a hydro!} zahle ti'iorganosilane such as trim I 5 k hl» n osilane, a

25 siloxane such as hexamethyldisiloxane, or mixtures thereof, and recovering a copolymer

t ngM ana Q units Th 1 rest to i xml 5

percent bj wdroxyl groups.

ga 0 xane resin, which typiea on e 1 a 1 2 percent by

weight of silicon-bonded hydroxy! groups, can be prepared by reacting the product of Daudt

30 et al with an aikenyl-contaming endblocking agent or a mixture of an alkenyl-contdning

^ 1 4 agent and an -.pc^kx a, c* a ' e « c \ <r 1 in an amount

sufficient r« ^
11 ^ * Dm 3 to 30 mole percent ofalkeny] groups in the final product.

5
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Examples of endblocking agents include, but are not limited to, silazaues, siioxanes. and

i 5 S Pat No

4,584,355 to Blizzard et aJL; U.S. Pat No. 4,591,622 to Blizzard et ah; and U.S. Pat No.

4,585,836 to Homan et al; which are hereby incorporated by reference. A single

5 endblocking agent or a mixture ofsuch agents can be used to prepare the organopolysiloxane

resin,

[00281 Component (A) can be a single organopolysiioxane or a mixture comprising two or

more organopolysiloxanes that differ in at least one ofthe following properties: structure,

viscosity, average molecular weight, siioxane units, and sequence.

10 Component (B) 3 also referred to hereto as the "crcsslinking agent/
5

is at least one

organohydrogenpolysiloxane containing an average of at least two silicon-bonded hydrogen

atoms per molecule. .It is' generally understood that crossiinking occur- * . he sum ofthe

average number of alkenyl groups per molecule in component (A) and the average number of

silicon-bonded hydrogen atoms per molet \ < - than four. The

15 silicon-bonded hydrogen atoms in tire organohydrogenpolysiloxane can be located at

terminal, pendant, or at both terminal and pendant positions.

[0030] The organohydrogenpolysiloxane can be a homopolymer or a copolymer. The

structure ofthe organohydrogenpolysiloxane can be linear, branched, cyclic, or resinous.

Examples of siioxane units that may be present in the organohydrogenpolysiloxane include,

20 but are not limited to, HR^SiOi,^, R^SiOi/?, ffl&SiOyz R42&02/2> r4s*°3/2. and

S1O4/2 units. In the preceding formulae each is independently selected from monovalent

hydrocarbon and monovalent halogenated hydrocarbon groups tree of aliphatic unsaturation,

as defined and exemplified above for component (A). Preferably, at least 50 percent of the

organic groups in the organohyckogenpolysiloxane are methyl.

25 10031] Examples of organohydrogenpolysiloxanes include, but are not limited to, a

trimethylsiSoxy-teiminatedpoiy(metliylhydrogensiloxane), a himethylsiloxy-tenninated

poly(dimetliylsiioxane/methyIhy

poly(methylhydrogensiloxane), adimethylhydrogensiloxy-terminated polydimethylsiloxane,

and a resin consisting essentially ofH(CH3)?SiO]/2 units and S1O4/2 units.

30 [0(62] Component (B) can be a single organohydrogenpolysiloxane or a mixture

comprising two or more organohydrogenpolysiloxanes that differ in at least one of the
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following properties: structure, average molecular weight, viscosity, siloxane units,, and

sequence.

[0033] The concentration ofcomponent (B) in the silicone composition is sufficient to cure

(crosslink) the composition. The exact amount of component (B) depends on the desired

5 extent of cure, which generally increases as the ratio offee number of moles of silicon-

bonded hydrogen atoms in component (B) to the number ofmoles ofalkenyi groups in

component (A) increases. Typically, the concentration of component (B) is sufficient to

pro vide from 0.3 to 5 silicon-bonded hydrogen atoms per alkenyi group in component (A).

Preferably, the concentration of component (B) is sufficient to provide from 0.3 to 2 silicon-

1 0 bonded hydrogen atoms per alkenyi group m component (A).

[0034] Methods ofpreparing linear, branched, and cyclic organohydrogenpolysiloxanes,

such as hydrolysis and condensation of organohalosilanes, are well-known in the art.

Methods of preparing organohydrogenpolysiloxane resins are also well-known as

exemplified in U.S. Patent No. 5,310,843; U.S. Patent No. 4,370,358; and U.S. Patent No.

15 4,707,531.

[0035] To ensure compatibility ofcomponents (A) and (B), the predominant organic group

in each component is preferably the same. Preferably, this group is methyl. :

•

[0036] Component (C) is an alumina (aluminum oxide) filler. The alumina filler comprises

alumina particles having an average size typically from 0.2 to 1 50 urn and preferably from

20 0.2 to 20 ym. Preferably, the alumina filler comprises calcined alumina, GC-AI2O3. The

alumina filler can be a treated alumina filler, prepared by treating the surfaces of alumina

particles with an organosilicon compound. The orgaaosilicon compound can be any of the

organosilicon compounds typically used to treat silica fillers. Examples of organosilicon

compounds include, but are not limited to, organocMorosilanes such as methyitrichlorosilane,

25 dimethyldichlorosilane, and trimethyl monochlorosilane; organosiloxanes such as hydroxy-

endbiccked dimethylsiloxane oligomer, hexamethyldisiloxane, and

tetramethyldivmyidisiloxane; organosilazanes such as hexamethyldisilazane,

hexamethylcyclotrisilazane; and organoalkoxysilanes such as methylirimethoxysilaiie,

vinyltrimethoxysilane, vinyltriemoxysilane, 3-glycidoxypropyltrimethoxysilane, and 3-

30 1 1 e fcj lac ryi< acypropy 1 ti
;

methoxysilane.

[0037] Although the shape ofthe alumina particles is not critical, particles having a

spherical shape are preferred because they generally impart a smaller increase in viscosity to

the silicone composition than particles having other shapes.
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[0038] v ire of twc

or more such, fillers that c e
!

>
t „ i r eriies: surface area, Sur&ce

treatmen
j

t ze, density, and partide shape.

[0039] Dae concentrates ofcomponent (C IHcoi npo .he present

5 invention is sufficient to impart thermal conductivity to the silicone product formed by curing

the composition. The concentration ofcomponent (C) is such that the cured silicone product

has a thermal conductivity typically of at least 0,8 W/mK and preferably of at least 1.5

W/mC, as determined using the method in the Examples below. The exact concentration of

component (C) depends on the desired thermal properties, surface area of the filler, density of

1 0 the filler, shape of the filler particles, surface treatment ofthe filler, and nature ofthe other

components in the silicone composition. The concentration of component (C) is typically'

from about 60 to about 90 percent by weight and preferably from about 70 to about 85

percent by weight, based on the total weight ofthe silicone composition. When the

concentration of component (C) is less than about 60 percent by weight, the cured silicone

1 5 product does not have significant thermal conductivity. When the concentration of

component (C) is greater than about 90 percent by weight, the silicone composition has a

very high viscosity and cures to form a brittle product.

[00401 Methods ofpreparing alumina fillers suitable for use in the silicone composition of

the present invention are well-known in the art; many of these fillers are commercially

20 available,

{0941] As stated above, the alumina filler ofthe present invention can be an alumina filler

prepared by fa-eating the surfaces of alumina particles with at least one organosib'eon

compound, hi this case, the particles can be treated prior to admixture with the other

ingredients of the silicone composition or the particles can be treated in situ during the

25 preparation ofthe silu 3 t i position

[0642] C( D) is at least, one .polyether. The polyether can be an oligomer, a

homopolymer, or a copolymer, such as a block copolymer or graf c< polymer. Further, the

structure of the polyether can be linear, branched, or cyclic Preferabb . t it pob ether is a

lane copolymer.

30 [0043] Examples ofpolyoxyal vie.; include, but are not limited to, a poly(oxyemylene)

J i J enesral formula R-'O ) iene) having the- general,

>rn *

T

1.
1

% «
5 ><oxybut e) hi gtheg< 1
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R50(CH:>CH(CH2CH3)0)|
)
R5

, and a poly(oxyethylene-oxypropylene) copolymer having

the formula R5o(CH2CH20-)ctCH2CH(CH3)0]dR5 , wherein each R5 is independently

hydrogen, R$, or -C(=G)-R6 wherein R6 is a monovalent hydrocarbon or monovalent

halogenated hydrocarbon group, and b has a value such that the average molecular- weight of

5 the polyoxyalkylene is from about 1000 to about 35,000, and c + d = b; and cyclic

polyoxyaikylenes.

[9044J The monovalent groups represented by R*> typically have from 1 to about 20 carbon

atoms and preferably have from 1 to about 10 carbon atoms. Examples of monovalent groups

include, but are not limited to, alky] such as methyl, ethyl, propyl, pentyl, octyl, undecyl, and

10 oetadecyl; cycloaikyl such as cyleohexyl; alkenyl such as vinyl, ailyl, butenyl, and hexenyl;

aryl such as phenyl, tolyl. xyjyl. benzyl, and 2-phenyiethyl; and halogenated hydrocarbon

groups such as 3,3,3-trifluoropropyl, 3-chioropropyi } and dichlorophenyt

[11045] Specific examples of polyoxyaikylenes include, but are not limited to, polyethylene

glycol), polypropylene glycol), poly(tetrahydrofuran), and ether and ester derivatives

15 thereof, such as monomethyl ether, dimethyl ether, and diacetaie; the series of

poly(oxyethy!eiie) sorbitan esters under the trademark Tween sold by I.C.L America; and the

series ofnonylphenyi poly(ethylene glycol) ethers sold under the trade mark TERGITOLNP
by Union Carbide. .

[0046] Polyorgancsiloxane-polyoxyalkylene copolymers, also referred to as "silicone

20 polyethers" in the art, typically have a polysiloxane backbone and pendant and/or terminal

polyeiher groups. However, the silicone polyether copolymer can have an "inverted"

structure, wherein the copolymer has a polyeiher backbone and pendant and/or terminal

polysiloxane groups. The polysiloxane and polyether groups in the silicone polyether can

have a branched or imbranched structure.

25 [0047J The polyorganosiloxane-polyoxyalkylene copolymer can be a "hydrolyzable" or

"non-hydrolyzable". In hydrolyzable polyorganosiloxane-poiyoxyailcylenes, die polyether

groups are attached to the silicone via hydrolytically unstable silicon-oxygen-carbon (Si-OC)

linkages. In non~hydrofyzable polyorganosiloxane-polyoxyaikylenes, the polyeiher groups

are attached to the silicone via hydrolvticaliy stable silicon-carbon (Si-C) bonds.

30 [0048] The polyoxyalkylene groups in the polyorganosiloxane-polyoxyalkylene typically

contain oxyalkylene units such as oxyethylene units (-fJHoCfbO-), oxypropylene units (-

CH2CH(CH3)0-), and oxybutylene units, (-CH2CH(CH2CH3)0-). The polyoxyalkylene
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groups can contain a single type of oxyalkylene unit or a combination oftwo or more

diSerefttiaiits, for example, oxyethylene units and ; r eneuaiis,

\pQ49] According to a preferred embed 1 im cation, a

polyorganosiloxane-polyoxyalkylene copolymer has the generMformma:

5 RSR72SiO(R72SiO)e(R9RVSiO)fSiR?2^8

wherein each R7 isa monovalent hydrocarbon group, R8 is R7 or R^ r9 js a

polyoxyalkylene group having a general formula selected from:

-R^(OCH2CH2)gORll and.

-R* 0(OCH2CH2)h(OCH2CH(CH3))
i
OR1

1

10 wherein R18 is a divalent hydrocarbon group haying from 2 to 20 carbon atoms; Rl *is

selecied f \ ei alkyl groups having 1 to 4 carbon atoms and acyl groups having

front 2 to 6 carbon atoms; e has a value of from 8 to 250, fhas a value -offrom 4 to 50, g has

a value of firom 5 to 60j h + i-g, and h/i^ 0,5:1 to2;L >

|0O5H| Preferably, the monovalent hydrocarbon groups represented by R7 have from i to

15 12 carbon atoms. Examples ofmonovalent hydrocarbon groups represented byR? inclndei

but are not limited to, alkyl, such as methyl, ethyl, propyl, butyl, and octyl; cycloalkyj, such

as cyclopentyl and cylohexyl; alkenyl such as vinyl, allyl, butenyl, and hexenyl, and aryi such

as phenyl, naphthyl, benzyl, and tolyl Preferably, the monovalent hydrocarbon groups

represented by R7 are all methyl, based on the availability of starting materials.

20 [005! J
Preferably, the divalent hydrocarbon groups represented by R1

0

have from 3 to 6

carbon atoms. Examples of divalent hydrocarbon groups represented by RlO include, but are

not limited to, groups having the formulae: -CB2CH2CH2", -CH2CH2CH2CH2- 5
-

CH2CK(CH3 )-
5
-CH2CH(CH3)CH2-

S
and -CH2CH2CH2CH2CH2-. Preferably, the divalent

hydrocarbon group represented by has the formula -CH2CH2CH2-.

25 |0O52] Specific examples ofpolyorgauosiloxane-polyoxyalkylene copolymers are provided

in the Examples section below.

J0053] Methods ofpreparing polyorg

known in the art. as exemplified in U.S Pat No, 4,122,029. For example, a

polyorganosiloxane-polyoxyalkylene copolymer can be prepared using a hydrositylation

30 reaction by reacting a polydiorganosiloxane containing silicon-bonded hydrogen atoms with a

10
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polyoxyalkylene containing aliphatic unsaturateon in the presence of a platinum group

catalyst

|O054] Alternatively, a polyorganosiloxaae j lyox\ ylene copolymer can be prepared

using a audeophilic displacement reaction by reacting, for example, a polydiorgaaosiloxane

5 containing silicon -bonded haloaikyl groups, such as -CKoCl with a polyoxyalkylene

containing hydroxyl groups in the presence of a hydrogen hali.de scavenger.

10055] A polyorganosiloxane-polyoxyalkylene copolymer can also be prepared using a

condensation reaction by reacting, for example, a polydiorganosiloxane containing silicon-

bonded hydrolyzable groups with a polyoxyalkylene containing hydroxy! groups. Examples

1 0 ofhydrolyzable groups include, but are not limited to, hydrogen; hydroxy; alkoxy, such as

methoxy, eihoxy, and isopropoxy; halo, such as fluoro, chloro, bromo, and iodo: amide, such

as N-methylaeetamido; oximo, such as me&ylethylketoximo; aminoxy, such as

diethylaminoxy; and acyloxy, such as aeetoxy and propionoxy.

[0056] Component (D) Is present in an effective amount in the silicone composition As

1 5 used herein, the term "effective amount" means that, the concentration of component (D) is

such that the silicone composition has improved thixotropy compared with a similar silicone

composition lacking only the poiyether. Typically, the concentration of component (D) is

such that die silicone composition exhibits at least about a 25% improvement in thixotropy

index, as determined using the method in the Examples below. The concentration of

20 component (D) is typically from about 0.05 to about 2 percent by weight and preferably from

about 0.1 to about 1 percent by weight, based on the total weight ofthe composition. When

the concentration ofcomponent (D) is less than about 0,05 percent by weight, the silicone

composition typically does not exhibit unproved thixotropy. When the concentration of

component (D) is greater than about 2 percent by weight, there is little additional

25 improvement in thixotropy. The effective amount ofcomponent (D) can be determined by

routine experimentation using the methods in the Examples below.

[8057] Component (E) is a hydrosilylation catalyst that promotes the addition reaction of

component (A) with component (S). The hydrosilylation catalyst can be any of the well-

known hydrosilylation catalysts comprising a platinum group metal, a compound containing a

30 platinum group metal, or a microencapsulated platinum group metal -containing catalyst.

Platinum group metals include platinum, rhodium, ruthenium, palladium, osmium and

iridium. Preferably, the platinum group metal is platinum, based on its high activity in

hydrosilylation reactions.
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Pr< e< > h lylatif dysts include the com ies of chioropl itin < Ian

certain vhtj containing orgaao e sclose Iling in U.S. Pat Ho. 3,419,593,

which is hereby incorporated by reference. A preferred catalyst of this type is the reaction

product of chloropiatinic acid and 13-diethenyi-Ll
?33-tetxainetliyldigiloxan.e.

5 (0059] The hydrosilylation catalyst can also be a microencapsulated platinum group metal-

containing catalyst comprising a platinum group metal encapsulated in a thermoplastic resin.

Compositions containing microencapsulated hydrosilylation catalysts are stable for extended

periods oftime, typically several months or longer, under ambient conditions, yet cure

relatively rapidly at temperatures above the melting or softening point of the thermoplastic

10 iesia(s).

10060] Microencapsulated hydrosilylation catalysts and methods ofpreparing them are

well-known in the art, as exemplified in U.S. Pat. No. *!
* 6 i srences cited

therein; and U.S. Pat. No. 5,017,654.

[80&1] , The concentration ofcomponent (E) is sufficient to catalyze the addition reaction of

t$ components (A) and (B). Typically, the concentration ofcomponent (E) is sufficient to

provide from 0. 1 to 1000 ppm ofa platinum group metal, preferably from 1 to 500 ppm of a

platinum group metal, and more preferably from 5 to 150 ppm ofa platinum group metal,

based on the combined weight of components (A), (B), and (C). The rate of cure is yery slow

below Ox ! ppm ofplatinum group metal. The use of more than 1000 ppm ofplatinum group

20 metal results in no appreciable increase in cure rate, and is therefore uneconomical.

[O062J The silicone composition can further comprise at least one hydrosilylation catalyst

.inhibitor. Mixtures of (A), (B), (C), (D), and (E) may begin to cure at ambient temperature.

To obtain a longer working time or "pot life" at room temperature, the activity ofthe catalyst

under ambient conditions can be retarded or suppressed by the addition of a suitable inhibitor

25 to the silicone eomposi Suitah »rsi ene

tethyl~3-p< iten-l-yne and 3,5-dhnethyi~3-hexen-l-yne; acetylenic alcohols such as 3,5-

dimethyl-T-hexym-3-ol, i-ethynyl-i-cyclohexanol, and 2-phenyl-3-butyn-2-ol; maleates and

urn ir i es, such as the well knov, i I Ikenj 1 and dialkox) alkyl fumarates and

maleates; and cyclnv,.-. ,
! \ c Aceiyknic alcohols consiitute a preferred class of

30 inhibitors in the silicone composition,

[0063 j Typically, the concentration ofinhibitor m the present silicone composition is

sufficient to provide a "pot life" of at least one hour at room temperature. This concentration

1.2
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will vary widely depending on the paniciua hibitoi -<.d, Ue nature and corcenn.. - oi

the liydrosilyiation catalyst, and the nature of the orgt nohydro
_

si) r iloxane.

|0D64] Inhibitor concentrations as low as one mole of inhibitor per mole ofplatinum group

testa! will in some instances > > .
j atisfactoiy storage stability and cure rate. In other

5 instances, inhibitor concentrations of up to 500 or mote i o -

1 hoi per rrcle of

platinum group metal may be required. The optimum concentration for a particular inhibitoi

in a given silicone composition can be readily determined by routine experimentation.

The silicone composition can hnther comprise at least one adhesion promoter that

effects strong unprimed adhesion of the silicone composition to substrates commonly

10 employed in the construction of electronic devices; for example, silicon; passivation coatings,

such as silicon dioxide and silicon nitride; glass; metals, such as copper and gold; ceramics;

and organic resins, such as polyimide and epoxy. The adhesion promoter can be any

adhesion promoter typically employed in addition-curable silicone compositions.

[0966] Preferred adhesion promoters include an adhesion promoter prepared by mixing at

15 least one polysiloxane having at least one silicon-bonded alkenyl group and at least one .

silicon-bonded hydroxy group per molecule, and at least one epoxy-functional alkoxysilane.

The polysiloxane typically has less than about 15 silicon atoms per molecule and preferably

has 3 to about 15 silicon atoms per molecule. Use alkenyl groups m the polysiloxane

typically have 2 to about 6 carbon atoms.. Examples ofalkenyl groups include, but are not

20 limited to, vinyl, ally!, and hexenyl Preferably, the alkenyl group is vinyl. The remaining

silicon-bonded organic groups in the polysiloxane are independently selected from alkyi and

phenyl. The alkyi groups typically have less than abont 7 carbon atoms. Snitable alkyi

groups are exemplified by, but not limited- to, methyl, ethyl, propyl, and butyl. Preferably,

the alkyi group is methyl. ...... . .
: ;,.

• <

25 [§0671 -he silicon-bonded hydroxy and silicon-bonded alkenyl groups in the polysiloxane

can be located at terminal, pendant, or at both terminal and pendant positions. The

polysiloxane can be a home-polymer or a copolymer. The structure ofme polysiloxane is

typically linear or branched. Hie siloxaae units in the polysiloxane may include

HGR%Si01/2 ,
Rl2(CH2-CH)Si02/2

3
R^sjo^ C0H5Si03^ R^(c6H5)Si02/2,

30 (C0H5)2SiO2/2 5 (C6H5)(CH2-CH}Si02/2 ?
(CH2-CH)RJ22Si0 1 /2» and

group having less than about 7 carbon atoms

as exemplified above. Preferably, the polysiloxane is a hydroxy-terminated

13
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poiydiorganosibxane containing me%lvinyisu'oxane units. Such polysiloxanes and methods

for their preparation are well known in the art,

[0068J The epoxy-funciional alkoxysilane c< 'tains at least one epexy-fonctional organic

group and at least one silicon-bonded alkoxy group. The structure ofthe epoxy-fonetional

5 alkoxysilane is typically linear or branched. The alkoxy groups in the epoxy-fnnctbnal

s calls ess than about 5 carbon atoms and are exenij. T tho*

ethoxy, propoxy, and butoxy, wherein methoxy is a preferred alkoxy group. Preferably, the

epoxy-luneiioaal organic group has a formula selected from:

wherein each Y Is independently an alky! group having I or 2 carbon atoms; j is 0, 1, or 2; k

andm are each 0 or 1; and R^isa divalent hydrocarbon group having no more than 12

1 5 carbon atoms. Preferably, is selected from a saturated aliphatic hydrocarbon group, an

arylene group, and a divalent group having the formula

wherein R*4 is a divalent saturated aliphatic hydrocarbon group having 1 to 6 carbon atoms

and n has a value of from 0 to 8.

20 [0069] The remaining silicon-bonded organic groups in the epo y-functiona 1 o llane

are independently selected from monovalent hydrocarbon groups having less than 7 carbon

atoms and fluorinated atkyl groups having less than about 7 carbon atoms. The monovalent

hydrocarbon groups are exemp ified by. but yl, ethyh

propyl, an< yl; alkeny such as vinyl and allyl; nod arjl such, as phenyl Examples of

25 suitable fluorinated alkyl groups inc hide, hut are not limited to, 3,3,3-tnfluoropropyl, P-

v ^ ' I
'

* -

10

GIL

-R^(ORl4)aORl4.

,

14
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[0070} Preferably, the epoxy^vnictiena! alkoxysilane is a monoepoxytrialkoxysilane.

Examples of epoxy-fnnetkmal alk i > > n ysilana, 1,2-

epoxy-4~(2-trirn< sth icycloh cane, and i^-epoxy-2-methy]-4-(!-metliy]-2-

trimetho* 1 a of such silaaes are well

5 known in the art.

|0071J The two components of the aforementioned adhesion promote c nb either mixed

directly together and added to the silicone composition or added separately to the

composition. Typically, the relative amount of the polysiloxane and silane are adjusted to

provide about one mole ofthe silane per mole of silanol groups in the polysiloxane.

10 [0072] The preceding class of adhesion promoters is disclosed in ITS. Pat, No. 4,087,585,

which is hereby incorporated by reference to teach, adhesion promoters suitable for use in the

silicone composition.

[0073] Preferably, the polysiloxane and epoxy-fbnciional alkoxysilane are fust mixed and

men added to the composition. More preferably, the polysiloxane and silane are reacted at an

15 elevated temperature. The organopolysiloxane and the silane can be reacted using well

JmowB methods of reacting silanoheontaimng organosiloxanes with alkoxysilanes. The

reaction is typically carried out in the presence of a basic catalyst. Examples of suitable

catalysts include, but are not limited to, alkali metal hydroxides, alkali metal alkoxides, and

alkali metal silanoates. Preferably,, the reaction is carried out using about a 1:1 mole ratio of

20 alkoxy groups in the epoxy-functional alkoxysilane to silicon-bonded hydroxy groups in the

polysiloxane. The polysiloxane and silane can be reacted either in the absence of a diluent or

in the presence of an inert organic solvent, such as toluene. The reaction is preferably carried

out at an elevated temperature, for example, from about 80 to about 150 °C

|§074| Preferred adhesion promoters also include at least one organopentasiloxane having

25 the formula;

AMe2Si(OMe2Si)30SiR^ 54.p
(OR' 5}

p_ j

wherein A is hydrogen or an alip , rb m group, R* 5 is

aikyl and \
n i . n2to;4,

[00*75] £xa" p sally \ j roc arbon groups represented

30 by A include, but are not limited to, vinyl, aliyi, butenyl, hexenyl, and isopropenyL

Preferably A is a hydrogen atom or a vinyl group, based on availability of starting materials

and cost. The alk] , presented byRi5 typi< \e 1 to about 6 carbon atoms and

preferably have 1 to 3 carbon atoms. Examples of suitable aikyl groups include, but are not



WO 02/094938 PCT/US02/0J262

limited to methyl, ethyl, propyl, butyl, peniyf and hexyl. Alky! groups containing at least 3

carbon atoms can have a branched or tmbmnched structure. Preferably, R* 5 is methyl or

ethyl >ased on ,
1 t rt

5
;i 3 - t ost

P076] The organopentasiloxane can be prepared by first reacting

5 hexameth ley I isiloxane with an organosilane hi ingthe formu •
' M^SiX to produce a

tetxasiioxane having the fomiula AMe2^ I

;

' ove and X s a

halogen. The tetrasiloxane is then hydrolyzed to produce an alph s hj Iroxj retrasiloxane

having the fomiula AMe2Si(OMe2Si)30H wherein A Is defined above. The alpha-

hydroxyletrasiloxane is reacted with an organosiloxane having the formula R^4„

1 0 pSi(ORi5)pwfaerein R* 5 and p are defined above.

i a e ji an'organopeniasiloxane is 1 -vinyl-9,9,9-

:
' trimethoxyoctamethylpentasiioxane, having the fbnnula ViMe2SiO(Me2SiO)3Si(OMe)3

where VI is vinyl and Me is methyl. This organopentasiloxane is particularly preferred in

silicone compositions comprising a microencapsulated hydrosiiylation catalyst Importantly,

1 5 the organopentasiloxane does not cause dissolution ofthe silicone resin in the .

microencapsulated catalyst under ambient conditions. Also, the aforementioned

organopentasiloxane exhibits superior adhesion to metals commonly used- in the fabrication

of electronic devices.

£0078| The preceding class ofadhesion promoters is disclosed in LIS. Pat. No. 5, 1 94649,

20 which is hereby Incorporated by reference to teach adhesion promoters suitable for use in the

silicone composition.

[0079] The concentration ofthe adhesion promoter in the silicone composition is sufficient

to effect adhesion of the composition to a substrate, such as those cited above. 'The

concentration can vary over a wide range depending on the nature ofthe adhesion promoter,

25 the type of substrate, and the desired adhesive bond strength. The concentration offee

adhesion promoter is generally from 0.01 to about 10 percent by weight based on the total

weight composition. However, the optimum concentration of il e 5 Mm sion i m ter can he

readily determined by routine experimentation.

jj

f

v
s

i position can be a on; -part eomp > ipri iponer

3.0 (A) hr* hi (I , ingle part or, alternatively, a multi-part composition comprising

components (A) through (E) in two or more parts, provided components (A), (B), and (E) are

notpresen c nepait For examp on can comprise a
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first part containing a portion ofcomponent (A), a portion ofcomponent (C), a portion of

component (D), and ail of component (B) and a second part containing the remaining

portions of components (A), (C), and (D) and ail ofcomponent (B).

[0081] The one-part silicone composition is typically prepared by combining components

5 (A) through (E) and any optional ingredients in the stated proportions at ambient temperature

with or without the aid of an organic solvent Although the order of addition ofthe various

components is not critical if the silicone composition is to be used immediately, the

hydrosilylation catalyst is preferably added last at a temperature below about 30 °C to prevent

premature curing of the composition. Also, the multi-part silicone composition can be

1 0 prepared by combining the particular components designated for each part.

[0082] Mixing can be accomplished by any of the techniques known in the art such as

milling, blending, and stirring, either in a batch or continuous process. The particular device

is determined by the viscosity of the components and the viscosity of tire final silicone

composition.

1 5 [0083] The silicone composition can be applied to a wide variety of solid substrates

including, but not limited to, metals such as aluminum, gold, silver, tin-lead, nickel, copper,

and iron, and their alloys; silicon; fluorocarbon polymers such as poiytetrafluoroethyiene and

poIyyinylfJuorMe; polyaniides such as Nylon; polyimides; epoxies; polyesters; ceramics; and

glass. Furthermore, the silicone composition of the instant invention can be applied to a

20 substrate by any suitable means such as spraying, syringe dispensing, screen or stencil

printing, or ink jet printing.

[0084] A cured silicone product according to the present invention comprises a reaction

product ofthe silicone composition containing components (A) through (B), described above.

The silicone composition can be cured at a temperature from about room temperature to

25 about 200 °C, preferably from about 80 to about 1 80 °C, and more preferably from about 1 00

to about 150 °(1 for a suitable length of time. For example, the silicone composition cures in

less than about 24 hours at room temperature and in less than about one hour at 100 °C.

10085] The silicone composition ofthe present invention has numerous advantages,

including adjustable thixoiropy, low VOC (volatile organic compound) content, and

30 adjustable cure. Moreover, the present silicone composition cures to form a silicone product

having good thermal conductivity.

[0086] The thixoiropy of the present silicone composition can be conveniently adjusted by

proper selection ofthe type and amount ofpolyether. Due to its fhixotropy, the silicone

17
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"composition can he applied to a variety of substrates using conventional equipment. In

particular, the siUconeeomposition ofthe present invention can I - ng the met

tencii pxk ting Moreover, once applied, the silicone composition exhibits excellent

dimensional stability, tending not to sag or flow.

5 [00871 Also, the silicone composition ofthe present invention, which does not require an

organic soh £ nt •.' >r many a plications, has a ver) Io<a VOL 1

content. Consequently, the

p t silioor comp i i safety, and environmental h elated

with solvent-borne silicone compositions. In addition, the soften * ion o f the

present Invention typically undergoes less shrinkage during curing than solvent-borne

Id silicone compositions.

10088] Additionally, the silicone composition of the present invention cures rapidly at

temperatures from, roon empe 1
it , ou+ ihe

formation of detectable byproducts. In fact, the cure rate ofthe silicone composition can be

conveniently adjusted by regulating the > v ihibit

IS }0089] The silicone composition ofthe instant invention is particularly useful for filling the

gap between a heat sink and an electronic device orfor attaching a heat sink to aa electronic

device. The silicone composition can also be used for encapsulating the wire windings in

power transformers and converters,

20 EXAMPLES

[§090] The following examples-are presented to furthe t '
-> > »

*

of this invention, but are not to be considered as limiting the invention, which is delineated in

•the appended claims. Unless otherwise noted, ail parts andpereei u ges reported in the

examples are by weight The following methods and materials were employed in the

25 examples:

(0091J The thixotropy index and viscosity of a silicone composition were determined using

a Rheometrics AKJ3S SLCII parallel plate rheometer equipped with 25 mm plates. The pre-

programmed thixotropic loop test Was operated in strain controlled mode with shear rate

increasing from 0.0 to 10.0 rad/s at 23 ± 2 °C, The reported thixotropy index is the ratio of

30 the viscosity ofthe silicone composition at a shear rate of 0.01 rad/s to the viscosity of the

composition at a shear rate of 0. 1 rad/s. The reported viscosity is at a shear rate of 1 .0 rad/s,

[0092] Cured silicone test samples for thermal conductivity and durometer measurements

were prepared as follows fhe silicon* tkm
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and then cured at 100 °C for one hour. A disk-shaped sample having a diameter of about 2.5

cm and a thickness of about 1 .6 cm was removed from the sample using a punch.

[0G93J The thermal conductivity of a cured silicone product was determined using a Markis

Hot Disk Thermal Analyzer. This measurement is based on a transient plane technique with

5 a line frequency of 60 Hz, a power of 0.25 watts for 5 seconds, aid a 3 .3 mm probe. The

reported value for thermal conductivity is reported in units of Watis per meter Kelvin

(W/mK).

[0094] The durometer of a cured silicone product was determined using a Shore 00

instrument. The reported value for duromete? is the median offive measurements made at

1 0 different locations on the same sample.

[0095] Polymer A : a dimethylvinylsiloxy-terminated poiydimethyisiloxane baving a

viscosity of about 0.45 Pa-s at 25 °C.

[0096] Polymer B: a dimethylvinylsibxy-terminated poiydimeihyisiloxane having a

viscosity ofabout 0.065 Pa-s at 25 °C.

15 10097] Crosslinking Agent: trtmethylsiloxy-terniinaied

poly(dimethylsiloxaiie/methylhydrogensil.oxane) having an average of 3 dimethylsiloxane

units and 5 raethymydrogensiioxane units per molecule and containing about 0.8% ofsilicon-

bonded hydrogen atoms.

[0098j Filler A: a calcined milled alumina having an average particle size of 14 pm, which

20 is sold under the name RMA325 by Alcan Chemicals Europe (Fife, Scotland).

[0099] Filler B; a dispersible calcined alumina having an average particle size of 0.4 urn,

which is sold under the name A-1000 SGD by Alcoa (Bauxite, Arkansas).

[0100] Inhibitor: S^-dimethyM-hexyn-S-oL

[0101] Catalyst: a mixture consisting of 1% of a platmum(IV) complex of 1 , 1 -diethenyl-

25 1,1,3,3-teiramerayldisiloxane, 92% of Polymer A, and 7% oftetramethyidivinyldisloxane.

[0102] Pigment: a mixture consisting of6% carbon black, 82% ofPolymer A, and 12%

zinc oxide.

[0103] Silicone Base A: A silicone base was prepared by first mixing 0.98 part of

methySthnethoxysilane, 7.59 parts ofPolymer A, and 7.59 parts ofPolymer B in a Baker

30 Perkins sigma blade mixer for 5 minutes. Filler A (50.08 parts) and 33.28 parts of Filler B

were added successively to the mixture in small portions. The mixture was then heated at

1 50 *C under vacuum. (1 0 kPa) for 1 to 2 boats to remove volatile materials. After cooling

19
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the mixture to oomk t ^ 11 m ere dds

to the mixture,

] Silicone Base B: A silicone base was prepared by first > i| 98 part of

methyitmiemoxysiiane, 7.59 parts ofPolymer A, and 7,59 parts of Polymer B in a Baker

5 Perkins sigma blade mixer for 5 minutes. Filler A (50,07 parts) and 3 3 .28 parts of Filler B

lYC-re aid ;c i 3. The mixture was then heated at

150 °C under vacuum (10 kPa) for 1 to 2 hour's to remove volatile materials. After cooling

the mixture to room temperature, 0.35 part of Catalyst, 0.13 part of Pigment, and 0.01 part of

Inhibitor were added to the mixture.

1 0 i i A a silicone polyether surfactant having a viscosity of 1700 mm^/s at 25

°C, which is sold under the names DO98 Surfactant aid DABCO DC! 98 surfactant by Dow

Corning Corporation (Midland, MI) and Air Products (Alientown, PA), respectively, the

surfactant comprises a silicone polyether copolymer having a weight-average molecular

)i I . 786 and the average formula;

Me
3
SiQ(Me

2
SiO)x(MeSiO)y

SiMe
3

i5
CH2CH2

CH
2
(OCH2CH2)5ti[OCH2CH(CH3)3ROCOCH3

whe^ the average values of x, y, m, and n are 108, 10, 18, and 18, respectively.

Surfactant B : a silicone polyether surfactant having a viscosi ty of 2,000 mm2/s at

25 °C, which is sold under the names DC5247 Surfactant and DABCO DC5247 Siafaetant by

Dow Coimng-Co^ration (Midland, Ml) and Air Products (Alientown, PA), respectively.

20 The surfactant comprises a silicone polyether copolymer having a weight average molecular

weight of 26,347 and the average formula:

Me3
SiO(Me2SiO)x(MeSiO)y

SiMe
3

where the average values of x, y. m, and n are 1 08, 10, 18, and 1 8, respect! vely.

[vL07] SjrfavU\t C: a silicone t i

2/s at 25

25 °C, winch is sold under the names DCS 125 Surfactant and DABCO DCS 1 25 by Dow

Corrarg Cot .
\ 1

1 5 and Air Products (Alientown, PA), respectively. The

surfactant comprises a silicone polyether copolymer having a weight average molecular

weight of 43.402 and the average formula:

20
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10

Me3SiO(Me2SiO)x(MeSiO)y
SiMe

3

k

where each R is independently a polyether group having the formula:

-(CH
2 )3

(OCH
2
CH2)m[OCH2CH(CH3)]nOCOCH3

(a)

or

-(CH
2)3
(OCH

2
CH2)0OCOCH3 ^

where the average values of x, y, m, n, and o are 169, 23, 18, 1 8, and 12, respectively.

[0108] Surfactant D: a silicone polyether surfactant having a viscosity of 1845 mnA-'s at 25

,:

'C. which is sold under the name DABCO DC5950 Surfactant by Air Products (Allentown,

PA). The surfactant comprises a silicone polyether copolymer having the average formula:

MegSiOCMe^SiO^CMeSiOySiMej

L
•where each R is independently a polyether group having the formula:

-(CH
2
)3(OCH

2
CH2)m[OCH2CH(CH3 }]t)

OCOCH
3

{&}

or

KCtI2)3(OCH2CH2)010CH2CHCCH3)]pOCOCH3 ^
15 where the average values ofx, y, m, n, o, and p are 60.4, 7.6, 30, 30, 12. and 12,

respectively.

[0109] Surfactant E: a silicone polyether surfactant having a viscosity of 650 mmVs at 25

"C, which is sold under the names DC51 88 Surfactant and DABCO DCS 188 Surfactant by

Dow Corning Corporation (Midland, MI) and Air Products (Allentown, ?A), respectively.

20 The surfactant comprises a silicone polyether copolymer having the average formula:

Me3SiO(Me2SiO)x(MeSiO)ySiMe3

CH2CH2CH2(OCH2CH2)m[OCH2CH(CH3)]nOCOCH3

where the average values of x, y, in, and n are 93, 6, 2 1 , and 2 1 , respectively.

[0110] Surfactant F: silicone polyether surfactant having a viscosity of 425 rmn2/s at 25 3C,

which is sold under the names DC193Surfactant and DABCO DC 1 93 surfactant by Dow

25 Corning Corporation (Midland, MI) and Air Products (Allentown, PA), respectively. The

surfactant coropri ses a silicone polyether copolymer having a weight average molecular

weight of 3,129 and the average formula:

21
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Me
3
SiO(Me

2
SiO)x

(MeSiO)
y
SiMe

3

CH
2
CH

2
CH

2
(OCH

2
CH2)mOH

where the average values of x, y, and m are 8.7, 3.7. and 12, respectively.

5 Comparative Example 1

[91.1.1] A silicone composition was prepared by first combining 99.98 parts of Silicone

Base A and 0.02 part of Inhibitor. The mixture was blended for 25 s using an AM 501

Hauschild dental mixer set at high speed and then for 60 s by band using a spatula. The

viscosity and thixotropy index ofthe composition are shown in Table 1

.

10

Examples la-i

(81 12] In Examples 1 a-i, Surfactant A was added in successive portions to the silicone

composition ofComparative Example 1 to produce a series of compositions having the

surfactant concentrations shown in Table 1. After each addition, the mixture was blended for

15 25 s using an AM-50 1 Hauschild dental mixer set at high speed and then for 60 s by hand

using a spatula. The viscosity and thixotropy index ofeach composition are shown in Table

1.

Example 2

[0113] A silicone composition was prepared by first combining 99.84 parts of Silicone

20 Base A and 0.01 part of Inhibitor, and 0.1 5 part of Surfactant B. The mixture was blended

for 25 s using anAM 510 Hauschild dental mixer set at high speed and then for 60 s by hand

using a spatula. The viscosity and thixotropy index of the composition are shown in Table 1

,

Examples 3a~b

25 [0114] In Example 3a, a silicone composition was prepared by first combining 99.87 pails

of Base A , 0.01 part of Inhibitor, and 0.11 part of Surfactant C. The mixture was blended for

2^ s n xer set at high speed and th > hand

using a spatula.

[SliSJ In Example 3b. 0.14 j 5 nt( s € c position of

30 Example 3a, The mixture was then blended as described above. The viscosity and

i y index com] tionare own a ible 1
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Example 4

[0116] A silicone composition v.-y« . se A, 0.01

pan of Inhibitor, and 0.16 part of Surfactant D mix t sbl > f^ 25 s using an

AM 501 Hauschild dental mixer set at high speed and then for 60 s by hand using a spatula.

5 The viscosity and thixotropy index of the composition are shown in Table 1

.

Examples 5a-b

[011 7J In Example 5a, a silicone composition was prepared by first combining 99.75 parts

ofBase A. 0.01 part of Inhibitor, and 0.23 part of Surfactant E. The mixture was blended for

10 25 s using an AM 501 Hauschild dental mixer set at high speed and then for 60 s by hand

using a spatula.

[0118] In Example 5b, 0.21 part of Surfactant E was added to the silicone composition of

Example 3a. The mixture was then blended as described above. The viscosity and

thixotropy index of each composition are shown in Table 1.

15

Example 6

{01 19} A silicone composition was prepared by first combining 99.85 parts ofBase A, 0.01

part of Inhibitor, and 0.14 part of Surfactant F. The mixture was blended for 25 s using an

AM 501 Hauschild dental mixer set at high speed and then for 60 s by hand using a spatula.

20 The viscosity and thixotropy index of the composition are shown in Table 1

.

Comparative Example 2

[0120J A silicone composition was prepared by first combining 99.42 parts of Silicone

Base B arid 0.28 part of CrossIInking Agent. The mixture was blended for 25 s using an AM
25 501 Hauschild dental mixer set at. high speed and then for 60 s by hand using a spatula. The

viscosity and thixotropy index ofthe composition are shown in Table 1.

Example 7

[0121] A silicone composition was prepared by combining 99.42 pats of Silicone Base B,

30 0.28 part of Crosslinking Agent, and 0.30 part of Surfactant A. The mixture was blended for

25 s using an AM 501 Hauschild dental mixer set at high speed and then for 60 s by hand

using a spatula. The viscosity and thixotropy index ofthe composition are shown in Table 1

.
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Table 1

Example CoDolvmer

P°

— Wt% (Pa-s)

Thixotropy

20.2 2.4

la A 0.02 36.6 2.0

lb A 0.07 264.3 3.5

1c A 0.1! 564.9 7.7

Id A 0.2 767.6 9.5

le A Q.3 1371.6 12.5

if A 0.6 2372.0 13.3

\a A 0.9 2819.6 11.4

'h A 1.2 3242.4

'

11.5

li A 1.5 2577.4 10.7

2 B 0 j
*> 451.5 5 3

3a 0.11 190.5 3.5

3b c 0.25 463.5 5.7

4 £> 0.16 325.2 4.9

5a fa 0.23 228.7 5.1

5b E 0.44 755.1 11.8

6 F 0.14 447.4 6.3

Comp. 2 21.0 L5
7 A 0.30 455.7 4.8

Comparative Example 3

[0122] A silicone composition was prepared by combining 99.71 parts of Silicone Base B

5 and 0.29 part of Cro.ssbnkmg Agent The mixture was blended for 25 s using an AM 501

Hauschild dental mixer set at high speed and then for 60 s by hand using a spatula. The

thermal conductivity and durometer of the cured silicone product are shown in Table 2.

Example g

10 |0123] A silicone; « n was prepared by combining 99.71 parts of Silicone Base B,

0.29 part of Crosslinking Agent and 0.01 part of Surfactant A. The mixture was blended for

25 s using anAM 501 Hauschild dental mixer set at high speed and then for 60 s by hand

using a spatula. The thermal conductivity and durometer of the cared silicone product are

shown in Table 2.

15 Examples

[012< v *
i

,
* pared using the medio* sample 8

se B, 0.29 part of

Crosslinking Agent and 0.06 part of Surfactant A. The thermal conductivity and durometer

ofthe cured silicone prod^^^o^mX^le^
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Example 10

[0I25J A silicone composition was prepared using the method ofExample 8 and the

following concentrations of components: 99.71 parts ofBase B s 0.29 part of Grosslinking

Agent, and 0.11 part of Surfactant A. The thermal conductivity md durometer of the cured

silicone product are shown in Table 2.

Example I !

[0126] A silicone composition was prepared using die method ofExample 8 and the

following concentrations of components: 99.71 pats ofBase B, 0.29 part of CrossJinking

Agent, and 0. 1 5 past of Surfactant A. The thermal conductivity arid durometer of the cured

silicone product are shown in Table 2.

Example 12

[0127| A silicone composition was prepared using the method of Example 8 and the

following concentrations of components: 99.71 parts ofBase B, 0.29 part of Crosslinking

Agent, and 0.30 part of Surfactant A. The thermal conductivity and durometer of the cured

silicone product are shown in Table 2.

Example 13

[0128] A silicone composition was prepared using the method ofExample 8 and the

following concentrations of components: 99.71 parts ofBase B, 0.29 part of Crosslinking

Agent, and 0.61 part of Surfactant A. The thermal conductivity and durometer ofthe cured,

silicone product are shown in Table 2.

Example 14

[0129] A silicone composition was prepared using the method of Example 8 and the

following concentrations ofcomponents: 99,73 parts ofBase B, 0.29 part of CrossJinking

Agent, arid 0.91 part of Surfactant A. The thermal conductivity and durometer of the cured

silicone product fire shown in Table 2.

Example IS

[0130] A silicone composition was prepared using the method of Example 8 and the

following concentrations ofcomponents: 99.71 parts ofBase B> 0.29 part of Crosslinking

25
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Agent, and 1 .20 parts of Surfactant A. The therraai conductivity and durometer of the cured

silicone product are shown in Table 2.

Example 1

6

5 [0131] A silicone composition was prepared using the method of Example 8 and the

icentn ioi of npc lei ts 9° 7' parts of Base B}
0.29 part of < i

Agent, and 1 .53 parts of Surfactant A. The thermal conductivity and durometer of the cured

silicone product are shown in Table 2.

10 Table 2

Silicone Polyefher Thermal Cond. Durometer

Example Copolymer Wt% W/mK (Shore 00)

Comp. 3 1.642 75

8 A 0.01 1.587 77

9 A 0.06 1.585 76
• 10 A 0.11 1.644 75

11 A 0.15 1.610 76

12 A 0,30 1.642 75

13 A 0.61 1.627 72'

14 A 0.90 1.592 79

15 A 1.19 1.618 77

16 A 1.51 1.584 77
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That which is claimed is:

1
.
A silicone composition for preparing a cured silicone product, the composition

characterized by:

(A) aa orgaaopolysiloxane containing an average of at least two .silicon-bonded alkenyl

5 groups per molecule;

(B) aa organohydrogenpolysiloxane containing an average of at least two silicon-bonded

hydrogen atoms per molecule in a concentration sufficient to cure the composition;

(€) an alumina filler in a concentration sufficient to impart thermal conductivity to the

cured silicone product;

1 0 (D) an effective amount ofa polyether; and

(E) a catalytic amount of a hydrosilyiation catalyst.

2. The composition according to claim 1 , wherein the alumina filler comprises alumina

particles having an average size of from 0.2 to 20 urn.

15

3. The composition according to any of the preceding claims, wherein the alumina filler

comprises calcined alumina.

4. The composition according to any ofthe preceding claims, wherein the alumina filler

20 is prepared, by treating the surfaces ofalumina particles with an organosilicon compound.

5. The composition according to any ofthe preceding claims, wherein the concentration

ofcomponent (C) is from 70 to 85 percent by weight, based on the total weight of the

composition.

25

6. The composition according to any of the preceding claims, wherein the polyether is

selected from apoiyoxyalkyiene and a poiyorganosiloxane-polyoxyalkylene copolymer.

7. Thz compe tio i according tv claim 6 c y-lene 1 as a flm ula

30 selected from: R%(CH2CH20)bR5 ,
R5o[CH2CH(CH3)0]bR5, rSo(CH2CH(CH2CH3)0~

wherein eachR3 is independently

hydrogen, R.6 or ~C(0>r6 wherein Rs is a monovalent :> d ro i rbon or monovalent:
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halogenated hydrocarbon group, and b has a value such that the average molecular weight of

the pclyoxyalkylene is from about 1000 to about 35,000, and c + d = b.

S, The composition according to claim 6, -wherein the polyorganosiloxane-

5 pclyoxyalkylene copolymer has the general formula:

R8R?2SiO(R72SiO)e(R
9R7SiO)fSiR?2K.8

wherein each R7
is a monovalent hydrocarbon group, is R7 or R9, R$ js a

polyoxyalkykne group having a general formula selected from:

10

-RlO(OCH2CH2)gOR^ and

-R 10(OCH2CH2)h(OCH2CH(CH3))jOR1

1

wherein is a divalent hydrocarbon group having from 2 to 20 carbon atoms; R* 1 is

15 selected from hydrogen, alkyl groups having 1 to 4 carbon atoms and acyl groups having

from 2 to 6 carbon atoms; e has a value of from 8 to 250, f has a value offrom 4 to 50, ghas

a value offrom 5 to 60, h + i - g, and fa/i = 0.5:1 to 2:1

.

9. A cured silicone product comprising a reaction product ofthe composition ofany of

20 the preceding claims.

1 0. A composition according to any of claims 1,2, 3, 4, 5, 6, 7, or 8 for preparing a

cured silicone product, wherein the composition is stored in multiple parts and wherein

components (A), (B), and (E) are not present in the same part.
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